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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

MEMORANDUM REPORT 
for the 

Army Air Forces, Materiel Coramnnd 
mVD- TUNNEL TESTS n F THE l/9-SCALE .ODiL 
OF THE C'TRTISS XP-62 AIRPLANE TTH 
VARIOUS VESICAL «TAIL' ARRANGEMENTS" «* • * 
Ey I G. Rocant and Arthur R. Wallace 
INTRODUCTION 

At the roqu*rt of tho Army Air Forces testa vrcro r.ac.e 
of tho 1/9-scale <nodel of tho Curtlss X?-£>2 Urolane In tho 
LMAL 7- by 10-foot tunnel. 

Yar tests wore made of tho 1/0-aeale model rrith oover 
and with orooellef windmilling. Enough variations of the 
vertical tall wore tested to determine the following effects 
with rudder free or fixed: 

1. Effect of vertical tail area, aaoeot ratio, and 

plan form 

2. Effect of increasing vertioal tail length 

3. Effect of a variety of dorsal fins 
Effect- of end olates or. horizontal tall ' 

3. -ffoct of rudder chord 

o. Effect of rudder balanco 

7. Effect of a bevel trailing edge 

3. Effect of a balancing tab 



The purpose of the tests was to r'etennir.e tho dlrcotional 
It Ability and rudder control characteristics with the above \ 
vertloal tall variations. 3 



The 1/9-acale model of the Curtlss XP-fe airolane was 
furnished bv the Curtlss company. It ia nhownin figures 1, 
2(a), and 2(b). Tho model was not checked for acouraoy 
but all surfaces were found to be fair and finished In a 
satisfactory manner. 

The dual-rotation Dower "lant wa? built and installed In 
the model at the Laboratory. The power plant consisted of 
a framo ruoportlng two wator-cooled induction motors, one for 
each propeller since the two propellers wero. not geared 
together. The front propeller was driven directly by an 
extension of one motor shaft, rnd tho rear propeller was 
driven by two spur geurs which can be seen !jj figures 2(a) 
and 2(b). The three-blade metal, oropellera and hubs were 
furnished with the model. The diameter of these propellers 
was not to scale, being 1.555 feet as comoarod to the scaled 
value of l.ij62 feet. Both propellors were set at a I5 0 
blade angle at 0.75 radius for all tests. Motor soeod 
was measured by a cathode-ray oscillograph which indi- 
cated the output of a small alternator built into each 
motor. 
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Three additional vortical tail surfaces were supplied 
with the model, each ^f which has interchangeable rudder 

ctn nose ->leces and fat*™ fin blocks 's" that the rudder 

r— 

t \ balance cvild be changed. A bevel trailing edge was built 

UT5 on one of the rudders. After tosting, the bevel trailing 
edge was rs-aoved and a tab installed. One of the tails was 
tested In conjunction with ond plates on the horizontal 
tail and also with the fuselage extendod L inches on the 
model. Descriptions and other data nertalning to the 
various vertical tails tested are given in table I. 

Several dorsal fins wore made at the Laboratory and are 
shown In figure l6. Some 'of the dorsal fins are shown in 
place in several of tho photopraohs . The dorsal fins are 
shown aa attached to tail VR. Vlhon attached to other verti- 
cal tails the dorsal fins were cut ao that they could be bent 
to f'.t tha angle botwoon fusolaijo and flna. The ovor-all 
length of the dorsaln for tails other than VR thus denarts 
from the length given in figure 16 but the area and shape 

» 

were not materially changed. For some of the tests, 
antispln fillets were installed as shown in figures 17(a) 
and 17(b). The antisnin fillets also apnear on figures 13 
and 15. 

Rudder hinge momenta wero measured by an electrically 
indicating strain gage supplied ^y tho Laboratory. 



TiSTS AyD p^S'ILTS 



Te ot conditions . - The tests were mado In the 
V kL 7- by 10-foot tunnel at dynamio proasurea of 16.37 

■ 

anr? 0.21 pounds per square foot, corresponding to 00 and 

■ 

60 riles per hour for standard sea-levol conditions. The 
test Hevnolds numbers were about 710,000 and 530,000 
based on the vdr.g n-tan aerodynarilc chord of 11. 63 inches. 
Because of the turbulence factor of 1.6 for the wind 
tunnel, the effective Reynolds numbers were about 
1,100,000 and 850.000. 

Co«ffi stents and s-,irbols . - The results of the tests 
are oresented in standard HAOA coefficients of forces 
and momenta based «n the model w.'ng area, wing span, 
and wing n«ean aerodynamic chord. Rolling, yawing, and 
nitchinfi-T.onent coefficients are given about the normal 
center-of-?ravity location shown 1r. figure 1 (26.7 per- 
cent *f the mean aerodynamic chord). The data are 
referred to a system of axes In the Z axis is 

in tVe plane tt symmetry and perpendicular to the relative 
wind, the X axis is in the plane of symmotry and per- 
pendicular to the 2 aris, and the Y axis Is perpendicular 
to the plane of symmetry (fig. lo). 



The coefficients and symbols are defined as follows: 
C L lift coefficient (Z/qS) 
Cop rosultant-drag ccefficie.at (X/qS) 
C Y lateral-force coefficient (Y/qS) 



C-i rolling-moment coefficient 

C m pitching. -moment coefficient (M/q3c) 

C„ yawing -moment coefficient (I'/qSb) 

C n hinge-moraent coefficient (H/qbc ) 

T c « effective thrust coefficient 



propeller advance -diameter ratio 
wne re 

forces alone X, Y, and Z axes, respectively 

moments about X, Y, and 2 a?-.ea, respectively 

H control -surface hin?;e moments 
T effective thrust 
q dynamic pressure pV 2 ) 
S wing area sq ft) 

c mean aerodynamic chord of vrin^ (11.63 in.) 
b wing span (5.96 ft) 

be" 2 product of the 3pan and the square of thJ chnrd of a 
control surface, in wnlch C is the root moan 3quaro 
chord back of the hinre line 
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D propoller diaiueter 

n revolution.! nor second *>f jropallers 
and 

p m^ss dens it? of air 

a anc3a ol r.'.-^ of thrust line, derrees 

aii£le ol ftigMM 
l fc anrle ol s&fjlllftftft 30l:tln,-r vlth resoect to thrust line, 

decrees: oositive tfliffcf (trailing ed-o down 
6 con1 ml-svrface deflations, do-Te -." 

Pp front rroooUor blcde 11-313 fit r.75 radius (15°) 

0 ! 

p R roar ^ropallar blade arnrle at 0.75 radius (15 ) 

I.*».S. indicated airspeed, niles par hour 

Subcrlpts 

o elevator 

r rudder 

f flap 

t horizontal tail (tab v/ha"? ur>fid wi.th 0) 

Cor ractiona . - "o corrections have bean Applied to the 
data for tiros caused bj th<> model support strut. !o .1st- 
boundary corrects .it h.iva bsen applied to any of tho dxta 
Given excapt ft&gl4* of attack and drag coefficients, which 
were corrected as follows : 

oa = i C L 57. Z 

« 8 = v f c l 2 



where 

0.113 

3 t;lng area (5.1^ aq ft) 

C wind-tunnel cross -section urea (65.59 oq ft) 

Teat procedure . - Propeller calibrations were made by 
measuring the /oaultunt drag with the model at sero angle of 
attack for a ram-e of croooller soeeds. Eecauso there was a 
Small difference botte=n the speeds of the front and rear pro- 
pellers, all the data were arbitrarily baaed on the 3peed of the 
roar propollar. The effective fchxntst eoefficluntn woro t'ien 
conputed frorj 

where C D is ths drag coefficient of the model with propeller 
removed. The cropel-er calibration la shown in figure 19. 

Tho thrust coefficients required at any lift coefficient 
for various amounts of pcvror mere furnished by the Curtiss 
co-npuny and have been reproduced on figure 20. Since all the 
tects mudo in tho present investigation wore yaw teot3, theywerc 
made at constant propeller rpm. Mo allowance '?as made for any 
variation of vrith yaw or T c 1 with yew and pitch. (Any 
referonco to military "ower In this rer>ort naans military power 
at ?0 t 0C0 feet as given on fir. JO*) 

The first testa were ro.;de to determine the most severe con- 
ditions for wdder-free directional stability. Various dorsal 
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fins were then tested at the determined critical condition; 
that Is, take-off power, 6 f = <5° t and a high-llft coefficient. 
In general, subsequent tests were made with the smallest and 
best »h*p«6 dorsal fin \rtiich net requirement II-F-3 of 
reference- 1. Thin requirement specifies that th* yawing 
moment duo to sideslip (rudder free) should be such that the 
airplane will always tend to return to zero sideslip regard- 
less of the an^le of sideslip to which it has been forced. 
The rudder tests for tail VH were made at conditions requested 
by the Curtios corm-any. AD1 other rudder tests were made at 
the worst condition (determined from the tests) for rudder- 
free stability. A few r»ddltior.al tosts were mads to deter- 
mine the diror-tioral stability in the high-speed condition for 
each tail. Tail-off tests were r.ade for miscellaneous flight 
conditions oo that the stability contributed by the vertical 
tail may be isolated. 

Unless otherwise noted, the landing pear was extended 
when fl^pa were deflected, and waa retracted when flaps were 
neutral. The stabilizer retting (i fc ) was 2° and the elevator 
setting (5e) was 0° for all tail-on tests. In all cases the 
propeller blade angle was 15 c . 

Meth ods of coirparlnf. the c haracteristlcs of tho various 
vertical tails . - The pedal forces and rudder deflections re- 
quired tc maintain a givjn angle of steady yaw were determined 



from the curves of Ch r and C^. Pedal-force computations 
wore first ba»e<* on the assumption of tu <nehes of pedal 
travel for +5O 0 of rudder deflection, the rudder deflec- 
tion being assumed to be 11 nearly •proportional to the 
pedal movemont, and a wing loading of 3^ pounds per 

squaro foot. Any pedal force resulting i*t zero yaw was 

■ 

ansumsd to he trimmed to zero. 

In order to compare the various talis on a nore 
equitrblc basis the nv.'.de r deflection for each tail \>aa 
assured to be United to t v e crglo rhioh tririnod the 
modol at l6° an~le of yaw. To mechanical ;dvantajp fo r 
each tail w°«3 ther. based on a pedal movement of Ji inches 
to obtain the rudder deflection for trim at 1C° of yaw. 
This angle of yar» was chosen because It vas the angle 
held by the least effective rudder with 50° doflection. 

A third basis for ecrparlson of the various tails is 



the rudder angles and pndal forces required to overcome 
the adverse aileron yawing raiments. The posribility of 
this requirement becoming critical is imminent Inasmuch 
aa the requirement for trim at rem y*w is no problem 
with a flual -rotation propeller. The yawing moment duo 
to full aileron deflection o'^'-lnid from unpublished 
results of tests of a 0.27-scile modol of the airplane in 
the Langley 10-foot pressure tunnel. The yawing r.omcnt 
duo to rolling was evaluated by use of the theoretical 
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charts of inference 2 for a wlng-tlp helix an t 'le, ob/ZV, 

of 0.09. Most of the teats wore «ade id th take-off power 
at a moderate angle of attack. The critical condition for 
rudder deflection, however, wi]l be at a high angle of 

Vj 

attac 1 : »>lth the propeller wind~ii lllng, because tho yawing 
moment due to rolling will be greater at the ' i ; :- angle and 

the rudder effectiveness lower with tho proroller wlndr.l lllng. 

The r'.idrfcr effectiveness for each tail was therefore estimated 

fron the p^wer-on data fr-r the wl- dmllling condition by assuming 

that the change in effectiveness botween the two conditions 

was a function only of the dynamic pressure at the toll. The 
rudder hingn-norient coefficients for the rindmiUIn" condition 

were estimated in a similar manner. 

Tho rudder deflectlors required" to overcome the adverse 

aileron yawing moment were SO w p n t e d from the estimated yawing 

moment and the ruddor effect! venos3 . In coirputinr the oedal 

forceo, the mechanical odvanta tj for oach configuration was 

obtained by assuming l\ inches of Dedol ^ri'vel for the rudder 

deflection required to overcame tho oiloron yawing moment in 

the wlndnilling condition; that is, -he r.»chani cal advantage 

varied r' th eash tail configuration cut, for a given tail, '"as 

the sat-« With propeller windmilling or with 50wer or.. 

Sumnar;,' of tests . - For convenience , aa outline of the 
tests with the figures on which the results aonoar is given* 
below: (The landing gear was uo when 6 r = 0 and dovn when 
Bf = U5° except as noted, pp = 2% = 15°. i t = 2°. 
6 e = 0. No ailerons. x 



Type of tack 


Vertical Tall 


?lc-ure 




T rudder froo t o ;- jniii-.e ro3t 
critical condition 

•v. o f = 45°, t.H:o-cff "o-vor and 

t. c r = 0°, talo-off power a:.d 


PR 


21 


II lull olf 


• 




ITT ladder fr'.-o With various dorsal 
1 Lna 






ffsct of propellers, jvd.ler free 


7-. 


25 


V titrddor free at nirot critical 

uonditioa (t.aVe---ff power* fir = *5 , 

» * 7.5*) 

A. romof.rlson of tills 

B. Sffect cf end 'ilatos and tell 
oxtanslsr. 

?. Zffuct of antlspin fins 
D. •iffact of balance 
J. Effect of balance 

Effect of tavol fcratlinfl edrs 


..11 

7 1S R 13 

JleSlC v l.«16 
V 19 R 15 v u ° 


26 

27 
23 
29 
30 
31 


VI Rudde* looked, r.i:JColla'OOua testa 
and ro; lots 
.,. 

C. Co«parlson cf tails, 6 £ ■ o°, 
ir.llltar^ rower 20,000 ft, 
a - 5.2° 


p3 p 10 
All 


32 
C3 

34 . 




VTT I'nddor do2 lection 

*« 6 r = 0°, military r>ov;or, 

20,000 ft, a b 5.2^ 
I, 6f = i&° rilii'H I'over 

20,000 ft, o = 2.7*, L.O. up 


VR 
VR 


35 

36 
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T:,to of tests 



C. o r = 

D. Of = 

R. * 



tr = 



ft. 6 f 

I. , si 

»J. ' 5 f 

:. 6f 



45° take-off power c = 7.5° 
45° do a = 7.6° 

(end plates) 
45° taVo-off power a = 7.5° 

(extended) 

45° take-off power a 
do a 

do a 

do a 



= 455 
45° 



45° 
4&° 
45° 



rto a r- 



7.5° 
7.5° 
7.5° 
7.5° 
7.5° 
7.6° 



Vertica] 
LU 



IS 



Firure 



V 3 3 R 1 
V 12r1? 

v 14r14 

vieni3 

Vl6l?16 
V14R14.5 

Vl9 H 19 . 
V 20 R 2C 



zv 

30 
39 

40 
41 
42 
43 
44 
45 



VIII Tab deflection 



, . . — 

IX Computation of ruddor deflection and 
pedal forces for trim 

i*. 2ffec.t of or.d plates and tall ex- 
tension 

C. effect of balance 

D. talancinp tab and bevel trailing 
edre 

2. £ffect of balance 



v 14r14 t 



4G 



VR 

V 13R13 
v14t>14,v1 6t ? 1 ^ 

V 14 R 14 
v 19r10 >V 20r20 



47 
48 
49 

50 
51 



DISCUSSION 

C ritical rudJer-free conditi on. - ,vn examination of varia- 
tion of C n with -j on figures 21 and 82 shows that the worse 
flight condition from the standpoint of lac> of restoring yawing 
moments at larjje angles cf yaw ia the take-off power condition, 
flaps dnwn, -md hiph an^le of attack. Placing rudder stops 
at ±25° improved the condition but still left the yawing 
moments far from satisfactory. (Mien no stoos tere present 
the rudder deflection was liit.it.jd by strlkinc. the stabilizer 
at a few dec-rcf s beyond 
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It may be noted that the data for propeller windmill inc do 
not show the reversal of yiwing momanta sho^m by the ta'to-cff 
power data. This fact does not narsssarLly iviir. th'» t. tho 
rudder for the former ease does not havo a destabilizing flcat- 
ln; tendency at large angles of yaw. Examination of the 
tail-off curves (fig. 22) lb*** *hat the- advarao increment in 
yawing moment caused by pop** is also present when the tail is 
off. Thus the yawing -moment reversal results largely Trim the 
affects of power on the wing-fusel lge combination and it -nay be 
expected that it "will be :aost severe 'then tho power effects are 
groatast (low-speed, high-power cendition). 

Effect of dorsal fins . - kll of the dor3u) Tina improved 
the rudder-free C n at large yaw an«*les. In tho tw:> longest 
groups [length 1 and 2, fig*. 24(a) and 24(b)] '*uy or the dorsal 
fins eliminated the revoreal ;-f yawing moments for the yaw 
runge tested. In the shortest groups (length 2, fig. 24(c)) 
the two deapost dorsal fir.s provided the model r»ith restoring 
moments in yaw for angles of yaw to -40° , while the shallowest 
two gave restoring momants In yaw up to about -25° of yaw. It 
will be noted that the length of tho fina along the fuselage is 
of more importance than the area of the fin. Thus dorsal D41 
has about tha same effectiveness as Jfa in spite of the fact 
thst the area of tho foner is about half that of the latter. 
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The dorsal fins produce a alight destabilising tende-.cy 
around zero ya*, an effect which cannot be explained at pres- 
ent. The slopes of the yawinz-monent curves at $ = -40° 
indicate that nan? of the dorsal fins tested were not suf- 
ficiently effective to maintain restoring moments beyond 
this angle. It is probable that ■ dorsal fin -rhich is 
effective up to 4C° of yaw will be satisfactory since condi- 
tions for which larger angles would ba obtained will not very 
often be en^cuntersd. Dorsal fins D41, D51, and 032 wore 
selacted as tho smallest which would meet the requirement 
that there be no revars^l cf yawing moment regardless of angle 
of yaw; hence, t&t&ti do: c.l finj 7,er<i the onoa used for subse- 
quent tSotS. 

Sffac 4 . cf orcpe]U--s. - The offset of adding single- and 
dual-rctatlon propellers on Ihi -i\Jt characteristics with power 
off is ahowr. in figure 25. The addition of the propellers 
progressively decreases the diractlonal stability , which ia 
to be expected in view of the side force oroduced by a yawed 
propeller. The change in aide force as noasurod, however, i3 
not sufficient to account for the decreo3e in the slope of 
yawlng-noment curves. 

Characteristics of various vartU-tA tails with free 
rudder . - With all the taila a reversal of yawing moments 
occurred at large angles of yaw (fig. 26). The addition of 
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end pistes nr extension of the fu»elape (fir. 8*) lm~r overt 
no situation but war no reredy. The addition of ft auffi- 
pioilly effective dorsal fm eliminated the reversal of yawing 
.moments for all tails (figs. 24, 27, 88, 29, 30 and 51.) 

The antispln fins had a scull advarse effect on C n 'at 
, lar^e ancle of van? (fig. 26). Comparison of figures 2S and 
29 indicate that an increase in balance from minimum produces 
a small adverse Increment in C n at large yaw angles. 

The u3e of bevel trailing odre (fig. 31) produces a very 
irronrular rudder-free 7awing -moment curve. This curve 
reflects the nar'.ced effect of the bevel on the floating ten- 
dencies of the rudder. The lar^e yawing moments at zero yaw 
. indicates that the rudder was floating at about 14° (see fig. 45) 
probably as a result of an asymmetric bevel. 

At small angles of yav all the tails tested give ebout 
the same value of 6C n /d\j/ with rudder free as with rudder fixed. 
This ia an indication that the rudder floating angles are 
about zero in tho yaw range of +5°. 

Characteristics of various vertical tall3 with rudder 
fixed . - The results of the tests with vertical tail VP. for 
several conditions are shown in figure 32. For the 6f = 0° 
condition, rower on or nrooeller windrailling, the model with 
th's till ia neutrally stable directionally near zaro yaw. 
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•ttth 6 f = l'.5°, the stabilit- la good ^ a11 ° 0,ror condl " 
tlom, with &0n/6f becoming greater negatively with an 
increase in thrust. The sudden ohmge in alope of C n curve 

for the T 0 » = °- 21 ' 6 f " ° = q ' 7 ° oon<Sltlnn at ° b0Ut 15 ° 

0 f ynw avust toe crmscd toy the coined effects of the large 
tail-off Instability for this condition, the vertical tail 
being near the ed*« of tbo aliostrea- and probably a vortical 
tail stall. A dorsal fin would b 0 exacted to improve the 
condition considerably. I™** "* s tP have ** cn rU " &t 

military &m* * tm level. 3y nist--o H* tunnel speed was 
incorrect, causin r e hlr.her V which corresponded to con- 
aldoribly ™r«. than taV.e- 0 rf norer.) "Ith vertical tail 
VUR13 thorc is a slnllar reduction in directional stability, 
around zero *M with neutral tfSfr 53<a)). The sta- 

bility, however, <?oes net reduco to zero as for tail VR. 
AdCin.-r end rlatoa or extending the fuselage increased the 
stability as exoectod. With 6 f = 0°, the weathercock 
stability <s W*6 for nil tre ^ttoer tails tested (fig. 3U). 
Tail VR has good stability with 0 f = h5°, nilitary oower 
and a = 2.7° UlfM 3* «* Pnr 6 f = take " off 
power, a = 7. -j 0 directional stability is good for all other 
tails as shown on the rudder test figures (figo. 37 to U$h 
It is reasonable to assure that all tails tested will give 
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"tiafactory-.taMllty at ar,all yaw nn , lea { ^ cr ^ 

r0W3r ° n m % = ^5°. ft* -odel is .tar i. ,„ WM 
with all tail, tested.- Effective dihedrnl varied fro. 
«>out 1 2 for t ,.,_ off nowerf fif ■ fco, tQ ftbout fi0 

or 70 for tlitar, P ower, 6f . 0 o, and wlndMlling, 
6 f = 0° or Itfo. 



[son of vertical tatln . - following table 

summnrizos the lateral-stabl U tv ft h nMl1 u w , 

auamiity cnarnctorl atl oa of the 

modal Witt, the vari.ua tail arrmgamonta for both rudr^er- 

flxed and rud*er-frce conations: 



TABU1ATI0K OF LaT^RAL ST.vBILITY SLOPES aT ZSiiO TUS 
XP-32 (l/O-SC JS) 



Vertical 
tail 



Military poner at 

20 f ooo ft, e r = o, 

a = 5.2, 0^= 0 



VTl 
V 13 R 13 
v 13r13 Q nd plates 
yl3p ( 12^ extended 

V 14r<14.5 nn 
v 19r10, V 20 n 20 

Tail off 



dc 

n 



0 

-.0005 
-.0008 
-.0005 
-.0011 

-.0003 
- .0011 

.0011 



6y 



0.012 
.012 
.013 
.012 
.015 

.013 
.012 

.007 



.0011 
.0012 
.0012 
.0012 
.0014 

.0013 
.0013 

.0008 



iff 



Ta-ca-off po'*er at 3.L. 
5 f = 45, a = 7 



3 t . - 0 



dC 



n 

Fir 



23 

1 1 

WW 

40 

29 
30 

23 



•>-•>" 
i v 

TIT-" 



Ha 



-0.001S 


0.020 


0.0003 


~ rj 


-.0026 


.nsv 


.0005 


2b 


-.0026 


.C25 




39 


-.0029 


.029 


.CO07 


40 








*1 








42 


-.0026 


.027 


.0006 


43 


-.0029 


.028 


.0007 


44 








45 


.0012 


.016 


-.0001 


*- w 



Take-off power nt.S.L. 
bf = 45, a = 7*5, 
ruddar free 



-0.0018 
-.0019 
-.0027 
-.002 



..0028 
.0028 

.0012 



SV 



s# • Qic> 4 
,C26 
.026 
.029 



.028 
.027 

.016 



0.0002 
.0005 
.0005 
.0006 
.0007 

.0007 
.0006 

-.0001 



Fi. 



21 

26 
26 

27 
28 

20 
30 

23 



Value for v!4 R 14 
V 16Rl6 f -0.0031 
V 18 R 18 f -0.0036 



■ 
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It will bo noted that tall V 19 Rl9 has the sane effec- 
tiveness as vl*Rl4 in spite of the fact that it has about 
14 percent less area. 3stlma'tes made of the effectiveness 
of the tare tails indicate thi.3 result is due to the higher 
aspect ratio of v!9r19. 

Rudder requirements .. - The rudder control requirements 
of reference 1 state, in general, that the rudder should be 
powerful enough to overcome the. adverse aileron yawing mounts, 
to provide trim at all conditions, and to provide the required 
spin-recovery chaructcrlatirs. The Dedal force to meet these 
requirement 'j should not "exceed ICO pounds, and should show no 
overbalance. In addition to checking rudder control for the 
forencin.T requirements, the variation of rudder angle and force 
with yaw wore also considered as an indication of the ability 
with which cross-wind ta:<e-offs and landings and other maneu- 
vers requiring sideslip could bo made (figs. 47 to 51). 

Hu dder control at zero yaw . - Because of the dual-rotation 
propeller, there are no asymmetric moments at zero yaw in any 
steady condition, and the provision of trim is therefore no 
problem. 

Rudder _control to overcome adverse allaron yawing.. - 
3atlmated rudder anfles and pedal forces required to overcome 
the adverse aileron yawing moment are given in the following 
tublo: 



Tail 


Power on 


Pror) . vlndm I J llnr 
Cjj=l.sa,6f*45, a=T2° 


a 0 




C L 


Power 


aC n 

duo to 
ailer- 
ons 


6 r °bo 
over- 

c Tc e n 


Pedal 

force 

(lbs) 

* 


duo to 
ailor- 

otia 


to over- 

SB a 


Pedal 
f orco 
(lbs) 


VR 
VR 
V 15r13 

V 13 r13 and plater 
V15R13 ext. fu3. 
V 14gl4 
';14r14.5 

yl^RlB 

V 19r19 
V20r20 


a 

2 
\ 


.2 
.7 
.5 

f 


i 
\ 


0 
5 

1 


0 
1 

> 


.54 
.95 
.43 

f 


ISllit 
20,00C 
take 
sau 1 

> 


ary 
ft 
off 
a vol 

f 


0.00 
.00 
JOI 

1 


C7 
85 
0« 


G.7 
7.0 
5.7 

e.6 

5.1 

5.2 - 
6.2 
5.1 
5.1 

5.5 
6.C 


67 
61 
34 
40 
23 
27 

*• 

-21- 
29 

16 
17 
20 


0.0125 


14.5 
12.9 
14.5 
11.6 
11.7 
13.7 
11.5 
11.5 
14.9 
14.9 


67 
48 
54 
30 
38 
23 
39 
19 
24 
27 



Negative sign Indicates overbalance. 
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All vortical tails easily :»eet the reo.uiren-.onts for overcoming 
adverse aileron yawing notiionts. Sven If the nechanlcal 
udvanlare wore based on ±30 c rudder doflectlon instead of the 
rudder deflection requirod to overcome adverse aileron yu-Jine 
rr.oients the pedal foi'cus vculd still he well ur.dor 180 pounds. 
The table Indicates that t ill v 16 R 16 and V ll> nl9 give the 
lowest pedal forcos while VR and V 13 R 12 v/ith end plates (rive 
tho highest. 

The angles to which the airplane would yaw due to adverse 
aileron yawing nor.ont with rr.dder fixed were not confuted 
because of Insufficient data. The lr.dloctiona are, however, 
th*t the anfles -..ill be well below the 20° nuxlsun: specified 
by reference 1. 

Rudder control for "7ln recovery . - Soln recovery tests 
were mde on a l/22-sc^le .r.o<?al of the XP-62 airplane in tho 
tfACA spin tunnel for certain vertical talis. The results, 
which ore unoublV-^ed, are surr^nrized in the following 
table: 



Tail 


Rudder 
rar^e 


Gat is factory 


£ at. pedal 
force, lb 


VR 

VP. with end plates and reduced 
rudder cho-d 


±30 

+20 


Yes 
Yes 


300 

<1-j0 


y11r11,5 irlfch area Increased 
10 percent 

Sana with antisoin fillet3 


+2^, +20 
"*20 


*0 
Yes 




N 21*'2l 

V R 

V 21 ?lllets h dorsal and ar.tlsr.in 


±30 

iao 

+20 


Yes 
Doubtful 

Yes 





v 11r11,5 with area Increase 10 percent Is practically identical 
with Vl4 R 14 f V16R16, an d V l6 R 18 . 

V 21 R 21 |i the sane M V-W 9 and V 20 * 20 except that bal.mco 
area la 2.63 square feet for V 21 R lil full scale. 

Satisfactory recover" depends on the pilot toinw ablo to 
quickly defect the "udder full against tho cpin. Three hundred 
p'ounds pedal force Is, of course, too largo; 160 pounds, or. lose is 
acceptable. Th* dorsal fino are apt to have an adverse of loot 
on spin recover;,*. 

The indications are that the spin recovery requirements 
will be tha critical requirement with regard to rudder control 
characterirtics on this airrlano. 

Rudder control in sideslip. - The results of tests of the 
various tails with rudder deflected to several angles ure 
shown in figures JS to 45. The computed nodal forcos and 
rudder deflections for trim plotted against angle of steady 
yaw are shown in figures 47- to 51. In rjneral, 6C h / 0 -l/ is 
lero or slightly rositive for mall angles of yaw but tsconos 
negative at large an2les of yaw. 

The estimated pedal forces for tail VH are shown in 
figure 47. Lack of stability with 6 f = 0° and tero cC h /d\i; 
at small angles of yaw would result ir. a loss of control feol 
under this condition (fig. 25) . Sinco tftU 73 wao not tented 
under the sane conditions of oo«er and as were £hd other 
tails no direct comparison is •otsiblo. 



Tail v 12 R 13 gave pedal forces up to 300 pounds. 
(Sao fig. 40.) These forces increased when the fu-jolage was 
ax'endofl, and whan and nlaLea were added to the horisor.tal 
tail. '.hen, however, the defloction of v!3^13 alone waa 
restricted so that the maximum sic'eslip anrlo possible w»3 
16° (the value for the most ineffective rudder at 30° 
deflection) and the mechanical ..idvantage changed accordingly 
the peda] force waa reduced to about 130 pounds. Only minimum 
balance Was tested with V^rIS, so that the pedal forces for 
this tail with extended fusolago or with end plates might be 
reduced by v.sing a balanced rudder. 

The effect of balance Is shown in figures 40, 41, and 42 
(vertical tails v 14 F<14, V 16 !** 6 , and V*Qr18) . vith the large 
balance <V 1Q R ie ) , 30° of rudder deflection will not trim the 
model with the particular dorsal fin used Psi) ln th « ya* 
range tested so that it is not known how far beyond 40° the 
modol will yaw. » reversal of pedal force also results for 
this case at about 28° vaw. Limiting the rudder angle below 
27° should removs the reversal of Dedal force. The larpa 
balan;e (I'lOR 13 ) was effective in reducing pedal forces. 
The medium balance (vI^rIS), however, showed an Increase in 
pedal force ovor that for tho minimum balance at moderate 
angles of yaw. Ho explanation is forthcoming at prosent to 
account for the failure of the m&dium balance to decrease hinge 
moment3. In this connection it may be pointed out that the 
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Reynolds number at w'.-.lch the toil wap opiratin/r was very snail 
and the affect of aca3e on fcing* moments is taovn to be lares. 
Thus,ths nip.jre mnmanta r.eaoured on the l/9-scale modal are 
probably not very reliable as indlctlone cf the exact magni- 
tudes of th-a forces to be cxpscted on the aimlane. The 
result? of tests of 0.46-scale uoriils of tails vIGrIS^ 
and ^ISrIQ (r*f"»rence y. Stem onto that the -orf.iun nnd larpe 
ovarhahps ^ive the expected reductions In hlnee morionta. An 
analysis of the airolane pedal forces, usln;; these data, will 
be ir.ade. VOian the maximum yaw (f^ J Is limit ad to 1G°, the 
nedal forces for all of the balances are substantially reduced. 

■71th tho hsvul-trailir.r-ed- e rudder (v!4r14.5 ) a ^vcraal 
of podal force occurs at small angles of jar, and dc r /d^ is 
hightly positive (fig* 43). This condition could probably 
bo greatly improved by realin-7 the yap between the fin and 
rudder. The hinre -moment coefficient is quite larse at zero 
ruddar and zero yaw indicating some asymmetrical condition. 
Rough estimates Indicate that a difference of about 7° between 
the two sides of the b 3 vel could pive tho asymmetry shown in 
these results. Because of the small size of the model such 
a difference is possible. 

For the tails vl%19, V^CrSO (firs. 44 and 45) the 
effect of a small chanpa in rudder balance on hlnpe moments 
was the same as for tails V^rH and v16r!6. 30th V 19 r19 
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a.rl v^-T^O hava rodal forces "JxreeiinR 160 round? b"t the 

f ^~cs3 fcr V*-0r20 are eo:*ewhat reduced -hen tff Is 

max 

liirito-' tc l" 5 . Coinvirinp figures 49 and 51 itiiil3 
and V 1 -5pl9) the reduction lr. rodftl forces resulting from the 
sr.;«ller chord is .'cner/hat p;r?ater than "ould be oxpected 
through rost of the yaw ranne. ft* larpe lngloo of yaw the 
force reduction is awail-r than vould be expected. Tha ^edal 
fores required to overcome the adverse ailoroR yawing moironts 
li» considerably ^educed by using tha MOaXler chord rudder. 

Tha tab wis -'otj effective In reducing pedal forces when 
cor.nocte<f. a3 a balancing tab (fiff3. !:o a- >} 50). Fodal forces 
riven or. firare 50 for tha tails v 14 R 14 ' 6 and V 1 ^!^ are ' 
all be low ICO cound3 r C r a iL^ of but only V 14 i; 14 T 
with 8 t ro r * -1:1 requires "lass than 180 pounds for a o0° 
y.iximum rudder deflection. The fact that the pedul forcaa 
for th? -1;1 tab a:-a linear nth while the -l/2:l tab ai«e 
irregular <"ith ^ is lcrglo-- coincidental, because the results 
are dsrivad ft»MB small dif f .-rencis of large values of C>, 

r 

so cannot be eor.3idorsd very reliable. Proaa-i-ably the addi- 
tion of u balancing tab to IB? of the judder* would rosv.lt in 
a siir.il-.ir reduction in oedal forcos. 

G0; : CLi73I0r3 

1. - .¥ith ta'fe-of .over a>id flaps deflected th«; nodal, 
with rudaer fro 3, swwed reversal of yawing rncKenta at largo 
angles of yaw for .-.11 the Vertical tana te^teci. The addition 
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of a proper dorsal fin improved this condition so that all 
vortical tailr were 3atisfactorp in this respect at leaat 
to 40* yaw. 

2. Directional stability, v.-itb flaps neutral (mdder 
fixed) at snail an.-les cf yaw was obtained for all tails 
tost-jd tftttftpt the crirlral tail (V?i) -which had vary low or 
zero •JtabiUtj. On thl3 oasis, tntl VP. wae conaldered un- 
satisfactory. When flaps '.vera doflactod uv." v/ith porer all 
talis rav? s ttlflfactory 3tabilitv. Tall v19r19 was the 
smallest t\ll which wovld rive satisfactory reathercock sta- 
bility for all r.onditi-ana considering a value of oC p /o\fr of 
about -0.001 as b^ine the criterion for satisfactory direc- 
tional rt ability. 

3. all of the vertical tails te3tod had satisfactory 
mddor effectiveness for the flight conditions for which they 
were tested, and it la tolieved tie tails testad would have 
satisfactory rudder ef fsctiveness for all normal flisht condi- 
tions. 

This situation rosults partly from tiio fact that, because 
of the dual-rctation propeller, there are no asymmetric yawinq 
moments at ne>o yav; which r.ocefisitato larr;e rudder deflections 
for trin. Sufficient rudler control to overcome ths adverse 
aileron ya-*1nic moments wis supplied b" r.ll tho vertical tails. 
Probablv ths r.?3t severe rudder requirement in the present case 
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la tha spin recovary requirement and any requirement which 
may be made as to crons-wind take-offs and landings. 

<. Pedal forcas In cidoolira were undesirably large Tor 
oomo of the tails but nay be easily reduced. The rudder with 
tha bavel trailing od"e f,a«o a rs^erzul in pedal forcoc at 
snsll anrlea of yar. VTlth fla;J8 neutral tsil VR would pro- 
bably lack control fe«l at small angles of yaw. 

5. The smalleat pedal forces for overccminr adverse 
aileron yaw were ^iven by tails via R ia an d V^h19. 

Lane ley Memorial Aeronautical Laboratory, 

Kational Advisory Committee fb# Aeronautics, 
Cftngley Field, Va. f July 1, 1943. 
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table j 

0£0 METRIC CHARACTERISTICS OF VERTICAL TAILS TESTED OS 1/9- SCALE MODEL OF XF-62 AIRFLAXE 



Vertical tail 
designation 


Total area 

rt2 


Rudder area 

ft* 


Rudder 
r.a.a. 

ebcrd 
ft 


Effective 
balance 
area 

ft2 


Upaet 
ratio 


Raaarka 


Figure 


Full 
scale 


1/9 
scale 


Fulll 1/9 
scale ,ecaie 


Full 
•eale 


1/9 
•oala 


Full 
•oala 


1/9 
•oala 


TR 


36.6 


0.452 


19.75 


0.2*4 


2.3* 


0.260 


3-09 


0.038 


1.59 


original 


3 r * 


V13R13 
yi3iU3 

v!3r13e 


36.6 
36.6 

36.6 


-*52 


1M 
l*.5 

1».5 


•179 
.179 

.179 


1.71 
1.71 

1.71 


.190 
.190 

.190 


■lnlaua 

alaiaua 
alaiaua 


2.27 
2.27 

2.27 


Endplates on 
he rise at si tall 
Vertical tall 
•xtandad * la. 


5.6 
5,7.8.9 

5,10,11 


Vl*Rl*T 


30.8 
50.8 
50.8 
50.8 

50.8 


.626 
.626 
.626 
.626 

.626 


21.1 
21.1 
21.1 
21.1 

21.1 


.261 
.261 

.261 

.261 

.261 


1.9* 
1.9* 
1.9* 
1.9* 

1.9* 


.216 
.216 

.216 

.216 
.216 


alnlaua 

4.23 1 .0521 
7.07! .0873 
alnlaua 

a lnlaua 


2.*1 
2.41 
2.*1 
2.41 

2.*1 


— on aodal 

vitn bavel 
trailing edge 
with tab 


12,13 
12,13 
12.13 
12 


S3* 


*3.* 


.536 




.162 
.162 


1.27 
1.27 


.1*1 
.141 


alnlaua 

1.72 ( -0212 


2.82 
2.82 







balance area 
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Figure 7-Endp\ates testtd on XP-62 moctel Vh scale) 
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Figure IZ.- Plan and section views cf v'*n'* v■ , n^v"w , ^v^^'* , anc 
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Tail bA.AN'.r AW A 

V*Rf* MINIMUM 

TOTAL ARC* OF EACH .53* ft* 

RUDDER APE A *2 ft* 

RMS CHORD MIU 
ASPECT RATIO 
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SCALE IN 



Figure 14. Pi ah and sicmon vtEW. or v'n* «nu vertical 

TAILS UN VSCA K XP-W A!"M.At»; MODEL . 
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figure l&.-Notcrfion of the system of a*es used 
and the control surface htnae moments and 
deflections. (Arrows indicate positive values.) 
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ABSTRACT 

The effect of various vertical tall arrangeewnta upon the stability and control charac- 
teristics cf an XP-62 fighter aodal was Investigated. Rudder-free yaw characteristics 
with take-off power and flaps deflected ware satisfactory after \ior sal fin -modifications. 
Directional stability was obtained with all modified vertical tails. Satisfactory rudder 
effectiveness resulted partly because the dual-rotation propellers produced no asymmetric 
yawing moments. Pedal forces in sideslips were undesirably larfe but nmy be easily reduced. 
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